ABSTRACT: We examined the trophic contribution of pico-and nanoplankton to a patch reef dominated by scleractinian corals and located at Mayotte Island (Comoro Archipelago). Pico-and nanoplankton concentrations, as well as total particulate organic matter, were measured on a sandybottom and a patch reef transect. Results showed that particles <10 µm accounted for 74% of the chlorophyll a concentration and for 47% of the total living carbon. Synechococcus sp. represented 65% of the chlorophyll < 3 µm and 53 and 67% of the autotrophic carbon and nitrogen, respectively, followed by picoeukaryotes, nanoeukaryotes and Prochlorococcus sp. Concentrations of total chlorophyll a, as well as picoplankton groups, were depleted 30 to 45% above the reef compared to in the adjacent waters and in sandy-bottom samples. Concentrations of nanoflagellates and total particulate organic matter, by contrast, remained unchanged during their passage across the reef. These results suggest selective grazing of picoplankton by the benthic community and compound the importance of picoplankton for the benthic-pelagic coupling and trophic dynamics on coral reefs. KEY WORDS: Picoplankton · Nanoplankton · Benthos · Coral reef communities · Particle removal
INTRODUCTION
Benthic-pelagic coupling has been well studied in temperate coastal waters (Riisgard et al. 1996 , Lucas et al. 1999 , Porter et al. 2004 , Bologna et al. 2005 , Hagy et al. 2005 , where it was shown that seston, as well as phyto-and zooplankton abundances are partially controlled by benthic organisms, such as bivalves, ascidians and polychaetes. In coral reef waters, studies investigating such coupling have shown that large zooplankton and phytoplankton (Fabricius et al. 1995 , 1998 , Yahel et al. 1998 , Fabricius & Dommisse 2000 , Genin & Yahel 2002 , Van Duyl et al. 2002 are important sources of prey for benthic organisms.
Reefs, however, thrive in oligotrophic environments, where small cells such as pico-and nanoplankton largely dominate plankton biomass (Ducklow 1990 ). In such waters, bacteria can account for 30% of the total particulate carbon, and pigmented pico-and nanoplankton, for 50 to 100% of the chlorophyll a (chl a) (Ferrier-Pagès & Gattuso 1998) . Both groups constitute a large portion of the nutrient pool (Crossland et al. 1984) . The importance of pico-and nanoplankton as a nutrient source for coral reef organisms has been highlighted in flume studies (Ribes et al. 2003 (Ribes et al. , 2005 and for cryptic filter feeders (Richter & Wunsch 1999 , Richter et al. 2001 . Few studies, however, have investigated, in situ on a reef scale, the grazing of these minute cells (Ayukai 1995 , Gast et al. 1998 , Yahel et al. 1998 .
Reefs host several important pico-and nanoplankton grazers, such as sponges and other cryptic organisms living in reef crevices or cavities (Gast et al. 1998 , Richter et al. 2001 : bivalves , ascidians (Petersen & Riisgard 1992 , Ribes et al. 2005 , hydrozoans (Coma et al. 1999 ) and soft corals (Fabricius et al. 1995) . It is also now widely recognized that scleractinian corals are able to prey on small particles (DiSalvo 1971 , Sorokin 1973 , Bak et al. 1998 , Houl-brèque et al. 2004b ) and greatly benefit from zooplankton-derived energy (Houlbrèque et al. 2003 (Houlbrèque et al. , 2004a . In this respect, pico-and nanoplankton should play a significant role in reef energetics -they can reach very high growth and production rates and they represent an important fraction of the reef planktonic biomass (Ducklow 1990) .
The aim of this study was to examine the in situ contribution of pico-and nanoplankton to the carbon and nitrogen removed by a patch reef, to gain a better understanding of the functioning of such ecosystems. In situ measurements avoid some of the artifacts known in flume experiments, such as limitation in size and food replenishment (Genin & Yahel 2002) . They are, however, difficult to obtain, except under conditions of homogeneous or confined flows, such as those found in lagoons and channels (Genin & Yahel 2002) . For this reason, we have chosen the reef of La Prévoy-ante (Mayotte Island) because it is located in one of the largest lagoons of the Indian Ocean. In this lagoon, flow rates are low and homogeneous; the reefs are considered healthy and are colonized by large colonies of Galaxea astreata and Acropora spp. (ORC 2003) . Concentrations of phytoplankton (total and fractionated chlorophyll, Prochlorococcus sp., Synechococcus sp., picoeukaryotes) and heterotrophic microorganisms (bacteria, nanoflagellates, ciliates), as well as total and fractionated particulate organic matter, were measured on 2 transects located above a sand floor or above the reef.
MATERIALS AND METHODS
Study site. The study was carried out in May in the lagoon of the French Comorian island of Mayotte (12°41' S, 45°10' E). Mayotte is a volcanic island located in the Mozambique Channel. It is under the influence of a tropical marine climate, with 2 main seasons (the dry and the rainy season, from October to May) and a very high level of irradiance (> 3000 h every year). It is protected from heavy winds by Madagascar Island. Its lagoon is one of the largest (15 km wide) in the Indian Ocean and is fairly deep (average: 30 to 40 m). It is surrounded by a continuous large barrier reef (Fig. 1) , which can be > 2 km wide in some areas and is interrupted by only a few deep channels. Lagoon reefs, either isolated (patch reefs) or forming an inner secondary barrier reef system (Guilcher 1971) , also surround the island. The reef called La Prévoyante, where the experiments were performed, belongs to the inner reef system, in the north east of the island. Surface seawater temperature during the study was from 28 to 29°C, and winds were very weak (<10 km h -1 or 6 knots).
Experimental set up. Transects:
The reef of La Pré-voyante is 400 m long and 200 to 300 m wide (Fig. 1) . The water depth varies from > 20 m just outside the reef to 3-7 m inside the reef, depending on the tide. During our experiments, the maximal tidal amplitude was 1.7 m, because measurements were performed during a period of neap tide. Measurements on 2 cross transects (of ca. 1050 m long) were performed on the reef according to Yahel et al. (1998) . Sampling points on transects were established using the global positioning system (GPS). A control transect (called 'sandybottom transect') was located at the southern end of the reef, on a sandy bottom, and is represented by Points S1 to S5 (Fig. 2a) . Points S2 to S4 were located above the sandy bottom, whereas Points S1 and S5 were above the lagoon. The other transect (called 'reef transect') was made above the patch reef (bottom covered with benthos) and is represented by Points A to G in Fig. 2b . Points A and G were located above the lagoon (and could serve as a second control), whereas Points C, D and E were above the patch reef. The percent cover and abundances of reef communities were assessed using 5 × 40 m line intercept transects on the reef (ORC 2003, authors' pers. data) . Point B was on the reef slope, covered with abundant colonies of scleractinian and soft corals (38%), as well as by sponges (8%) and some bivalves (1%, spondyles, Pteridae, Lithophaga sp.) (Table 1a) . From Points C to E (30 m wide, 100 m long), the benthos was dominated by scleractinian corals (Table 1b) , which covered up to 69% of the total surface area. The 2 main species, Galaxea sp. and Acropora sp., were represented by huge colonies reaching 5 m in diameter. Soft corals represented ca. 4% of the abundance, and sponges were much less numerous than on the reef slope (2%). In general, all filter feeders were more abundant on the slope than on the reef flat (ORC 2003) . Point F was located above isolated coral heads at ca. 8 m depth. Zooplankton was collected in a 5 min haul, using a WP2 net, during the 5 sampling periods. Sampling was conducted at 2 points of the 'reef transect' (Points A and F), where the water depth was sufficient to allow a safe collection. Samples were preserved with formaldehyde. The nature and abundance of planktonic prey were determined using a dissecting scope and a Dolfuss tank, according to Gasser et al. (1998) . Seawater samples for the other measurements were taken at all sampling stations (from Points A to F) and at the same depth of 1.5 m using 5 l Niskin bottles. They were combined in acid-washed batch bottles and stored in the shade and cool until our return to the laboratory, when they were then treated as described below. Each transect took 30 min and was repeated 5 times over a 2 wk period.
Current measurements: During our experiments, a cross-shaped, sub-surface drogue was released at different transect points. Since samplings were performed during the same tidal hours, the main direction was from Points A to G (or from Points S1 to S5). We therefore considered that the water mass crossed the reef, even though current shear and bottom turbulence cannot be ruled out (Shashar et al. 1996, S. G. Monismith et al. unpubl. data) . Since the reef of La Prévoy-ante is located in the lagoon, turbulence was low compared to a barrier reef. Current measurements were made 30 min before sampling; current speed was calculated at each point by measuring the exact distance covered by the drogue in 10 min, using a metric rope. Surface current was found to be very low (mean value: 1.5 cm s 3.11 ± 1.92 Goniopora sp.
3.11 ± 1.31 Pocillopora damicornis 1.41 ± 0.70 Fungia sp.
1.41 ± 0.43 Alcyioniid soft corals Sinularia sp.
4.10 ± 2.41 Sarcophyton sp.
0.27 ± 0.11 Others (mainly sponges) 2.23 ± 1.01 current velocities, seawater samples, taken at 2.5 min intervals along the transects, can be considered as independent from each other. Sample processing. In the laboratory, seawater samples, taken at each sampling point on the transects, were divided into several triplicate sub-samples. For the 'reef transect', abundances of pico-and nanoplankton, as well as chl a and particulate organic carbon (POC) concentrations were measured, in order to monitor all changes due to the benthic reef community. Measurements on the 'sandy-bottom transect' were performed to control that no grazing happened on an organism-free bottom and to confirm that the decrease in organisms observed on the reef transect was indeed due to grazing. Therefore, only the abundances of pico-and nanoplankton groups were measured.
Triplicate 500 ml samples of well-stirred water from each sampling point of the 'reef transect' were prefiltered on 10 µm polycarbonate filters using a reverse size filtration unit to avoid cell breakage. Fractions <10 µm were then filtered onto pre-combusted (450°C for 5 h), 25 mm Whatman GF/F filters under low vacuum. Filters were folded and stored in pre-combusted aluminum-foil envelopes, and frozen until further analysis. The same procedure was performed with 3 unfiltered samples. POC was then analyzed on a CHN analyzer (LECO 900), with EDTA as standard. Values obtained from blanks (pre-combusted filters) were subtracted from sample values.
Triplicate 500 ml samples of the same well-stirred water were gently size-filtered onto Nuclepore filters of 10 and 0.45 µm. Chl a was immediately measured after extraction in methanol according to Welschmeyer (1994) , using a Turner Design TD 700 fluorometer. The fluorometer was calibrated using pure chl a (Sigma).
Triplicate 10 ml samples were fixed with 0.22 µm pre-filtered formaldehyde (0.4% final concentration), stained with DAPI and filtered on 0.22 µm black Nuclepore filters. They were then frozen at -20°C until further determination of pigmented and non-pigmented nanoflagellate abundances using an epifluorescence microscope (Leica). Concentrations of picoplankton groups were determined by flow cytometry according to Blanchot & Rodier (1996) and Marie et al. (1996) . For this purpose, triplicate 2 ml samples were preserved with 0.05% glutaraldehyde, kept cold and in the dark for 30 min and then frozen in liquid nitrogen. Samples were then counted with a Becton-Dickinson FACScan flow cytometer. The excitation source was a blue laser beam (15 mV, 488 nm). The red fluorescence of the chlorophyll was analyzed with a wave-length > 650 nm. In order to calibrate the optical measurements, known quantities of fluorescent beads were added to each sample. Parameters collected were analyzed with custom-designed software. Picoplankton groups were the following: heterotrophic bacteria and picoeukaryotes, as well as Prochlorococcus sp. and Synechococcus sp., which constituted the major part of the cyanobacterial biomass present in the waters during the experiments. A dominance of Prochlorococcus sp. and Synechococcus sp. among cyanobacteria is a major feature in oceanic waters (Partensky et al. 1999) .
Finally, triplicate 250 ml seawater samples from Points A and D were fixed with formaldehyde (0.4%) and Lugol and kept in the dark for determination of ciliate abundances. For this purpose, samples were first concentrated to 100 ml, and then placed in settling chambers (Utermöhl chambers). Ciliates were counted with an inverted microscope (Leica) under ×100 magnification.
Treatments. Carbon and nitrogen content of prey items were estimated using literature conversion factors (Table 2) . Gundersen et al. (2002) and Heldal et al. (2003) (1995) sp., respectively, measured by flow cytometry (Charpy & Blanchot 1998) . Cell sizes for nanoflagellates were measured under a calibrated micrometer, and cell biovolumes were estimated assuming the nearest geometrical shape. Volumes were equal to 28 and 1.50 µm -3
for nanoflagellates and picoeukaryotes, respectively. Most of the ciliates were aloricated, belonging to the genus Strombidium spp. The carbon content was calculated taking a mean biovolume of 12 200 µm 3 and according to the relationship of Putt & Stoecker (1989) . Since the nitrogen content of ciliates has never been carefully investigated, we considered a C:N ratio of 5 (Jensen & Winding Hansen 2000) .
The C to chl a conversion factor ranges from 24 to 175 in plankton communities of tropical waters. In order to allow comparison with published results (Ayukai 1995 , Yahel et al. 1998 ), a C:chl a ratio of 30 was chosen. To estimate the contribution of picoplankton groups to chlorophyll, Li's (1995) method was used according to Charpy & Blanchot (1998) . This method is based on the fact that fluorescence is a proxy for chl a; therefore, picophytoplankton biomass as chl a can be estimated from in vivo red fluorescence, measured for the 3 main groups of picoplankton cells (Shimada et al. 1993) .
Since there was high variability, from one day to another, in the concentrations of the different parameters, we calculated relative values for each transect, each sampling point and each parameter (chl a, POC, PON [particulate organic nitrogen], pico-and nanoplankton), which corresponded to the percent change in concentration compared to the concentration measured in open lagoon waters (at Point A for the reef transect and at Point S1 for the sandy-bottom transect). For each parameter, a mean transect was therefore obtained by calculating the mean of the 5 relative values. Measurements were compared using 1-way ANOVA and StatView for Machintosh, after having tested the normality and homogeneity of variances.
RESULTS
Mean abundances of the different groups of picoand nanoplankton in the waters of La Prévoyante are summarized in Table 3 . Concentrations of heterotrophic bacteria (447 ± 93 × 10 3 cells ml ). Picoeukaryotes and nanoflagellates were 1 order of magnitude lower than the other phytoplankton cells (6 ± 2 × 10 3 and 5 ± 1 × 10 3 cells ml -1
, respectively). Finally, ciliates were not abundant in these waters. In terms of carbon and nitrogen, and according to the conversion factors used, total nanoflagellates showed the highest biomass (38.14 ± 1.95 µg C l ). Nanoflagellates were mostly represented by non-pigmented cells (80 ± 5% of total flagellates). Cells <10 µm represented most of the chl a (71.6%; Table 3 ). Cells < 3 µm represented between 71 and 82% of the chlorophyll <10 µm and between 56 and 76% of the total chl a, depending on the sampling points. Using Li's (1995) method, we estimated that Prochlorococcus sp., Synechococcus sp. and picoeukaryote contributions to picoplankton chl a were 4 ± 1, 65 ± 3 and 31 ± 3%, respectively. Synechococcus sp. contributed ca. 30 to 35% of the total chl a. Concentrations of zooplankton measured in the waters of Mayotte Island at the time of sampling were low. Heterotrophic dinoflagellates, copepods and crustacean larvae were the most abundant groups, with concentrations ranging from 0.2 to 0.6 prey l -1 . Appendicularians and eggs were also found, but at lower concentrations (0.14 and 0.05 prey l -1 , respectively). No significant difference in zooplankton concentrations was found between the lagoon and the reef slope waters (t-test, p > 0.5).
The amounts of measured POC and PON <10 µm (Table 3) . They were, however, significantly higher than the calculated amount of living POC (56.59 µg C l -1 ) or PON (6.11 µg C l -1 ), suggesting that either the conversion factors used caused underestimates or there was an important fraction of detritic organic matter.
The mean values for the transects, obtained for the different parameters, are summarized in Figs. 3 to 6 . In the sandy-bottom transect, there was no significant change in the planktonic concentrations between points located in the lagoon and above the sandy bottom (ANOVA, p > 0.05; Fig. 3 ). There was also no significant difference (ANOVA, p > 0.05) between the sandy bottom (Points S1 to S5) and Point A concentrations. Conversely, a significant gradient of decreasing cell concentrations from the lagoon waters (Point A) to the reef (Points C, D, E) was observed for reef transects (Table 4) . Concentrations of heterotrophic bacteria, Synechococcus sp., Prochlorococcus sp., picoeukaryotes (Fig. 4) and chl a <10 µm (Fig. 5) significantly decreased above the reef compared to the surrounding water (Table 4) . Minimal concentrations were observed in the middle of the reef, at Points C and D. Table 5 gives the differences in cell concentrations and in percentages between the lagoon waters (Point A) and the center of the reef (Point D). Concentrations changed from 23 ± 7 to 12 ± 3 × 10 3 cells ml -1 for Prochlorococcus sp., from 65 ± 12 to 32 ± 6 × 10 3 cells ml -1 for Synechococcus sp., from 5 ± 1 to 2.5 ± 1 × 10 3 cells ml 10 3 cells ml -1 for heterotrophic bacteria. Mean concentrations of ciliates measured along the 5 transects also significantly decreased above the reef, from 331 ± 7 cells l -1 at Point A to 100 ± 25 cells l -1 at Point D (t-test, p = 0.001). In terms of carbon and nitrogen, picoeukaryotes, Synechococcus sp., bacteria, Prochlorococcus sp. and ciliates decreased by 38 to 45% above the reef, while POC and PON did not significantly change (Fig. 6) . These POC and PON concentrations give a C:N ratio of the organic matter in Mayotte Lagoon equal to 9.8. No gradient was observed for nanoflagellate concentrations either (Fig. 4, Table 5 ).
DISCUSSION
This study showed that the benthic community of the reef of La Prévoyante efficiently removed picoplankton cells: water passing across the reef was highly depleted in micro-organisms, in contrast to sandy-bottom areas, where we found no significant change in plankton concentrations. Benthic grazing is the most reliable explanation for the micro-organism depletions observed above the reef. Indeed, these depletions cannot be due to differences in growth rates between sampling stations, because the generation time of the studied taxa, estimated at 2 d in reef waters (Linley & Koop 1986 , Furnas et al. 1990 , Torreton & Dufour 1996 , is higher than the time needed by the water mass to cross the reef (estimated at 4 h). In addition, plankton depletion was observed in measurements at each transect, performed in intervals of several days, suggesting that physical parameters (water advection or turbulence) were not very important on this reef. Grazing of micro-organisms by demersal zooplankton and pelagic nanoflagellates or ciliates is unlikely, because this would have also happened in the control transect, and large zooplankton concentrations are scarce during the day (Yahel et al. 2005) . By considering a mean value of 20 µg C organism -1 (Hays et al. 2001) , zooplankton could have only contributed 3 to 10% of the planktonic biomass (or 4 to 12 µg C l -1 ). Finally, the last cause of plankton depletion above the reef might have been particles sticking to coral mucus (Coffroth 1990 , Wild et al. 2004 ). This hypothesis is unlikely, however, as unselective scavenging on sticky mucus would not explain the observed selectivity between nano-and picoplankton on the reef of La Prévoyante. In addition, adhesion to mucus was not the major mechanism of cell removal during the flume experiments conducted by Ribes et al. (2003) .
In terms of carbon, large phytoplankton cells (>10 µm), including dinoflagellates (e.g. Oxytoxum spp., Prorocentrum spp.), pennate diatoms (e.g. Nitzschia closterium, Thalassiothrix frauenfeldii ) and coccolithophores (e.g. Gephyrocapsa oceanica) (data not shown), only represented 20% of the total autotrophic carbon grazed by the benthos. Bivalves (e.g. Spondylidae, Pteridae and Lithophaga spp.) could have been grazers, since they were found to be abundant on the reef slope (ORC 2003) .
The major part of the autotrophic carbon grazed by the reef community was represented by phytoplankton <10 µm (Synechococcus sp., Prochlorococcus sp. and picoeukaryotes), which was depleted by 30 to 45% above the reef, compared to in the adjacent lagoon or in sandy-bottom waters. As already observed in different tropical waters (Lindell & Post 1995 , Li et al. 1998 , Yahel et al. 1998 , these small cells, together with heterotrophic bacteria, were the main component of the plankton community of the lagoon of Mayotte Island, accounting for most of the chl a, as well as for half of the total living carbon. There was no apparent selectivity in the removal of the different planktonic components, since all groups were depleted by the same amount (ca. 40%). Synechococcus sp. represented the largest fraction of the chl a and autotrophic carbon grazed by the reef community. They accounted for 65% of the chlorophyll < 3 µm (35% of the total chlorophyll) and contributed 50% of the autotrophic carbon and nitrogen. Cyanobacteria are often described as the major primary producers of coral reef waters (Charpy & Blanchot 1998 , Furnas & Crosbie 1999 and were shown to dominate plankton in atoll lagoons (Charpy & Blanchot 1998) , as well as at inshore sites of the Great Barrier Reef (Furnas & Crosbie 1999 (Ayukai 1995 , Yahel et al. 1998 , Van Duyl et al. 2002 , but was not directly compared to the grazing of the other pico-and nanoplankton groups. Pico-eukaryotes and Prochlorococcus sp. represented the remaining 35% of the chlorophyll < 3 µm grazed by the reef community. Their abundances were lower than those in the other groups during that period of the year. However, Prochlorococcus sp. can sometimes be a dominant phytoplankton group, as observed in the Gulf of Aqaba (Lindell & Post 1995) , or at French Polynesian atolls (Charpy & Blanchot 1998) .
Among the heterotroph microorganisms, bacteria (41% depletion) were a highly nutritive group, since they represented one of the biomasses with highest carbon and nitrogen values, as already observed in tropical waters (Ducklow 1990) . Their carbon content (3.24 µg C l -1 ; Table 5 ) was comparable to the whole pool of autotrophic carbon (4.29 µg C l -1 for total chl a; Table 5 ). Bacterial depletion was occasionally observed on Pacific (Linley & Koop 1986 , Ayukai 1995 , Torreton & Dufour 1996 and Caribbean reefs (Gast et al. 1998 ). The second heterotrophic group, represented by nanoflagellates, displayed relatively high concentrations on Mayotte Island; such concentrations can occasionally be found in reef waters (e.g. Ayukai 1995 , Ferrier-Pagès & Gattuso 1998 . Despite their high biomass, they did not show significant depletion above the reef.
Many potential grazers of this picoplankton were present on the reef; it is, however, difficult to assess the importance of the different benthic organisms to grazing without laboratory-controlled experiments. The lack of depletion of nanoplankton cells on this reef, however, suggests selectivity in the grazing process. It also supports the idea that the main contributors to the observed plankton depletion were active suspension feeders, such as sponges, rather than passive suspension feeders, such as corals. Indeed, while the first group preferentially ingests picoplankton (Jørgensen 1996 , Richter et al. 2001 , Ribes et al. 2005 , corals have a preferential uptake of nanoplankton (Houlbrèque et al. 2004b ). The major grazing of small particles was observed on the slope, between Points B and C, where sponges, tunicates and bivalves were abundant. Soft corals were also abundant, and might have contributed to plankton depletion, since they were shown to be voracious phytoplankton grazers at some locations (Yahel et al. 1998 , Fabricius & Domisse 2000 . Picoplankton concentrations remained low between Points D and E, suggesting that grazing still occurred; the benthos was represented here by very large colonies of Galaxea astreata and Acropora spp., and corals (both scleractinian and soft) represented 73% of the benthic cover. The density of active suspension feeders was, however, difficult to assess at this point on the reef, because of the dense coral cover, and large colonies, which did not allow access to other benthic species, settled below these corals (Wunsch & Richter 1998) .
Since the reef usually releases a large amount of detritus, measurements of total POC and PON cannot be good indicators of pelagic-benthic fluxes. Indeed, concentrations of POC and PON were not significantly different along the transects. These results agree with most of the previous observations (Charpy & CharpyRoubaud 1991 , Hata et al. 1998 ) of POC increase above the reef due to detritus release, suggesting an important export of organic particles from the reef to the surrounding ocean. The C:N ratio of the organic matter in the lagoon of Mayotte Island (ca. 9.8) was within the range of C:N ratios reported for particles in coral reef regions (between 7.6 and 20; Charpy & CharpyRoubaud 1991 , Hansen et al. 1992 ). The organic matter seems to have a coral origin (mucus), because it has been shown that the C:N ratio of mucus ranges between 6.9 and 13.7 (Coffroth 1990 ), whereas C:N ratio of phytoplankton is slightly lower, from 6 to 8 (Parsons et al. 1961) .
Picoplankton grazing may constitute an important influx of particulate organic matter into coral reef ecosystems, as highlighted in previous estimations of carbon transfer: 0.35 to 0.4 g C m -2 d -1 for phytoplankton carbon in soft coral reefs (Fabricius & Domisse 2000) and 0.7 to 1.1 g C m -2 d -1 for phytoplankton carbon in other reef systems (Fabricius et al. 1998 , Yahel et al. 1998 , Ribes et al. 2005 . The large depletion observed in the present study is certainly due to the fact that the water mass remained in contact with the benthos for a long time, due to the low flow which occurred during this period of the year. This depletion should be smaller if flow rates are higher. The ability of coral reefs to retain plankton from incoming waters is suggested to be one of the major mechanisms sustaining these reefs in nutrientimpoverished environments. This study strengthens the previous in situ observations that a strong depletion of picoplankton occurs above coral reefs. The total amount of carbon and nitrogen brought to the benthos by these minute cells has to be taken into account in future studies on carbon and nitrogen fluxes in coral reef communities. 
